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SUMMARY

The avthor reviews five basic models: a log-log corre-
lational, general utility theory, simultaneous equations,'
non-linear theoretical, and feedback. Of these models, the
first and third are derived from data solely, the second
is a hypothetical rtodel to determine the utility of programs,
and the last two are developed from intuition or eleﬁentary
theory. Several suggestions are made to improve the -models

and increase the domain of problems that can be considered

by the models.

In the second part of the paper, a model based on the
models reviewed and other research is presented using the
feedback model as a basis. The author, in more detail,
describes the relationship between inputs of students,
resources, parent and community factors, and outputs such

as achievement. Additionally the author presents the ranked

'sensifigiﬁy technique for indicating which areas should have

& higher priority in research. An extensive bibliography

- of educational cost effectiveness articles is included. -




PyRPOSE

This paPer ;5 an €ffgpt O eljcit interest in operations
research in €dUcggionte |

Startin? Witp the DPregentd@tion of certain of the tech-
niques currently gyailable to edycation, the author intends
to inferm the regger °F what 1S being done in the area of
educational COSt effeCltivgpess. Expanding certain téchniques
to include & labger clasg of Problems, the author hopes to

simulate diSCuSsjon aPout egducational cost effectiveness

uses. By créadtipy inbteregy among other operations researchers,

the author attempy tO lhcpease the flow of information about
techniques 1ot cyprently ygsed in egucation but that may be
applicable. Thig paPeT ig a Vehicle for such discussions,
and by being SOmeyhal COngpoversial in nature, Will generate

the intended intgrest-
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. INTRODUCTION

Today there is much concern about the taxpayer!s revolt
in education. In all school districts throughout the United
States, taxpayers are closely examining the requests for
schnool funds. Over the last 10 years the expenditure per
student in elementary and secondary schools has increased by
more fhén 1007%. |

rresently operations research has had little application
in elementary and secondary education. In a limited number |
of districts class scheduling,'bus'rbuting, meal planning, and
school location is done using scheduling theory or linear pro-
gramming. Few, if any, districts have tried to optimize the
total school expenditure. Several reasons exist for this.
Among them are lack of: a well defined objective function, a
relationship of inputs to outputs, specific costs of each pro-
gram in a school. Since 1965 several states, Nevada, Texas,
California, Washington, have implemented Program Budgeting as

a technique for planning future requirements and as a method

~of accounting. This method is satisfactory for planming next

years expenditures by program because it lists all'past expen-
ditures; however, the decision maker receives little insight
into which programs should be implemented.

A cost effectivéhess approach is one method to determine
which program should be implemented., Two general methods of
cost effectiveness are resource allocation among projects and

components of the projects, and optimization of the use of

o




resources once the resources have been allocated. Using a
model to determine whether project A or project B should be
funded ié an exanple of the first method while using linear
prograntineg to optimize bus routes is an example of the second
method. Eoth methods could be quite useful.

In this paper the author will review some specific
allocations technigues, comménting on the applicability of
each technigue. Of the five basic models reviewed, log-log
correlational, general utility theory, simultaneous equation;.
non—linear.theoretical and feedback, only one, the non-linear
theoretical model, actually explains the allocation procedure.
While the others do not actually explain how to allocate
resources, they do determine which programs or resources con-
tribute the most to output of a model. From this an allocation
procedure can be constructed, although such a procedure may
not be easy to implement. As mentioned in the summary, the
author constructs a model utilizing various parts of specific
models reviewed and original work about school cost incurrance
done by the author and Ronald Randall, an educational consul-
tant. The basic structure is a feedback loop approach used by
T. Jones in the paper reviewed later. One reason why this
appfoach was selected was that current decisions are not neces-
sarily based on the present status of a system because of
_.possible delays in the flow of information.

In the bibliography are papers describing résource allo-
cation. Several bibliographies containing both resource

allocation and optimizafion'of the use of resources are presented.
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CURRENT WORK IN EDUCATIONAL COST ErrFECTIVENESS

in the last 10 years, many studies in public school edu-
cation have been conducted concerning the cost effectiveness
of various resources. Several of these studies are reviewed
in this paper. Two categories, multiple correlations studies
and longitudinal studies, contain most of the studies completed
in edﬁcational cost effectiveness, |

By using a multiple correlation study, a researcher
attenapts to relate differences in achievement to differences
in student, teacher, school and commiunity characteristics.
Usually this is done by linear regression using data sampled
from one instant in time. Associated types of studies include
partitioning of variance and factor analysis.

A longitudinal study collects information about the experi-
mental subjects over several time intervals and from this data
attempts to comnstruct input-output relationships.

Eric Hanushek (10)derived two log-log statistical rela-
tionships between certain input and output variables. Average
~data from 713 schools was used to coastruct one model for
whites and one for Negroes. Because of the effect of unmeas-
ured variables, the results are subject to question.

Hanushek propose the following model:

t
(1) Ai = f(ﬁi )s i Ii: o]

A;, = vector of educational outputs of the ith student

at time ¢t



ﬁg(t) = vector of family inputs to education of the ith
student cumulative to time t

P(t) = vector of peer influences of the ith student

.ecunulative to time ¢t

Ii = vector of innate endowments of the ith student
) \
Sgt = vector of school inputs to ith student cunulative

to time t.

Using sixth grade white studenté in 471 schools and
sixth grade Xegro students in 242 schools, Hanushek derived two
165 - 16g rezression feiafionships betweeh;;nput variébies
and student achievement, as measured by student verbal test
‘scores, that proved to be superior to linear relationships.
The coefficients estimated from the sample data can be inter-
preted as elasticities because of the model's multiplicative
forn.

Using this kind of analysis presents several difficulties.
A correlational study does not prove cause-and-efiect relation-
shivs, but merely that at a certain instant in time a large
value of the input variable is associated with a high value
of student achievement, assuning the correlation is positive.
ror example, if the sample average value of the input variable
of interest alternéted between -1 and +1 every month and the
student achievement were +1 irrespective of the input. vari-
able, then the first month the correlation would be -1.0, and
the second month it would be +1.0. BRather than calculate the

correlations and then determine which variables are significantly

ERIC 8




correlated, a better procedure would have been to hypothesize
that certain variables were correlated, set a level of accep-
tance on the correlation and then calculate the correlations.
The level of acceptance is based on the number of sample points
and tne judzement of the person making the hypothesis. This
reduces the cnznce of accepting a spurious correlation.

Results from such a study are not useful for decision
making unless one can show that there exists a cause-effect
relationship between the input value and the student achieve-
ment. The.input variables in a particular survey may'not

contribute to achievement but are proxies for unmeasured
2

-

variables that do contribute. Positive correlations of these
proxy variables with student achievement would lead a decision
maker to believe that an increase in the proky variable would
inérease achievement when in reality, the increase in input
may have little or no effect. Kiesling'!s (14 ) study indi-
cates that there is a correlation between additional expen-~
ditures and increased achievement. Yet the decision maker is
not guaranteed that by increasing expenditures, achievement
will increase, but that if he spends this additional money to
purchase a specific mix of resources, that the specific mix
wili tend to increase achievement.

The usefulness of correlations can be increased in cer-
tain cases. If on several independent studies, the same input
variables have high correlations, one can theﬁ test stétisti-
cally whether that particular variable, or closely related

ones, has an effect that is not spurious. To some extent if
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Generally, the TAs indicated high job satisfaction but cxpressed
some personal concerns and recommendations for change. This infor-
mation was then relayed to the Curriculum Associates by the DS
Coordinators. Several changes are occuring and different results
appear to be emerging during the second year of the experimental
phase. A copy of the actual log sheets used is found in Appendix B.

Reactions from other staff members at Parker and Spring Creek
about the role and performance of the TA have been mixed. Staff
members feel most positive about the assistance that TAs provide
to individuals and small groups of students, the working relationship
between TAs and other staff members, and the willingness with which
the TAs have performed the tasks requested of them. On the other hand,
staff members have been concerned with the difficulty in trying to
develop a new role for the district,with identifying when a TA can
and cannot work with students on his own, and in overcoming the
feelings that the TA is another clerical aide.

Some district personnel (not directly teaching or working in
the DS schools) have expressed concern about the future impact of the
TA program as it relates to protecting éducators. The most usual
question from those connected to the professional teaching assoc-
iations is, "If you can hire three Teaching Assistants for the same
amount as one teacher, what is to prevent boards and administrators
from replacing some teachers with Teaching Assistants?' The response
of the DS Coordinators has been that of recognizing that a potential
problem exists and that a solution will have to be found. We do not
have the answer ready this instant, but we do feel that the answer is

not to abolish the TA position. One of the recommendations in the
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following section relates to this issue.

The other major issue, primarily among those invclved in
personnel practices in the district, is the question of how much
time should the TA work directly with students, and what kinds of
activities should the TA be allowed to conduct with them. The dev-
elopment of the TA position to défe indicates to the DS Coordinators
a strong need to produce a clear and concise description of the TA

role, with specific guidelines for time allotments for the TAs

activities with students. This is necessary to prevent the use of

TAs as substitutes for absent teachers, and insure that TAs will not
be expected to plan lessons, conduct the activities,'and evaluate
students. Planning lessons, conducting activities, and evaluating .
students are aspects of the role of the certificated teacher. Only
the second of these, that of conducting activities, should properly
be included in the TA role; indeed, it is the basic function of the TA.

A second recommendation of the next section is offered as part of

the response for those concerns.

In summary, the data so far indicate that Teaching Assistants
are generally performing the tasks originally expected of them in
the position. Further, there has been no emerging effort on the part

of the Spring Creek and Parker staffs to seek more Teaching Assistants

by releasing some of their certified teachers. Finally, neither staff

has demonstrated a willfull intent to misuse the Teaching Assistants in
any way. In fact, there has been a concerted effort in both schools
to be extremely careful that the TAs are not misused and that they

are asked to perform only their expected role.
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BRECOMMENDATIONS

The following recommendations are proposed by the DS Coordinators
after studying the data gathered to date and after much deliberation
and consultation with thé Personnel Director, Area Directors, principals
and teachers in the DS schools, and the Teaching Assistants themselves.
They are presented as ideas for the beginning of further discussion and
negotiation about the role of the TA and its potential for the Eugene
School District.

The first recommendation addresses itself to the issue raised
by many professional educators, namely, that tne Teaching Assistant
program is a major potential threat to teachers because approximately
three Teaching Assistants can be employed for one average teaching
salary. The recommendation has the following four components:

1) We propose that the district board and administration

consider a major change in the budget allotments for

the staffing of schools. It is suggested that an allot-
ment be established, as is presently the case, for the
provision of a necessary number of professional and
clerical staff.

2) A basic change we propose is that the district in
addition establish a flexible allotment for staffing
each school. There would be no restrictions on the use
of this allotment for either professional or non-
certified staff. However, each school staff would be
required to show evidence to the administration of having
evaluated its needs for staff, to indicate to the admin-.
istration the intended utilization of personnel acquired

from the flexible allotment, and to provide a plan of

12
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action for evaluating the results of that staff performance.
The flexible allotment would allow each staff to decide
whether the needs of the program would best be mct by the
use of TAs or of other specialists.

3) It is proposed that a school with a well-designed plan for
staffing and evaluation of its program at a designated time
could request the addition of Teaching Assistants from the
monies allotted for certificated or non-certificated staff.
It is suggested at this time, however, that a limit be set

"upon the amount of money that could be used from either allot-
ment.

4) Finally, it is suggested that the EEA TEPS committee, the
District Personnel Director, and the area directors work
jointly with the DS Coordinators and the TAs to develop
final guidelines for the previous three sections of this
recommendation. These guidelines would be completed by
June, 1972.

The second recommendation relates directly to the role of the
Teaching Assistant, and proposes the acceptance of the position in
the district's staffing pattern as an alternative way of providing
education for students. The recommendation is as follows:

We propose that the Teaching Assistant position be

accepted as a regular position in thetstaffing pattern

of the Eugene School District. Acceptance of this proposal
would not necessarily provide each school in the district
to have an equal number of TAs. It would mean that the
position is available for schools that determine that

Teaching Assistants could help them to improve the program
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in that school. We mean that the district will have a
set of guidelines for selecting Teaching Assistants, a
description of the actual roles that the TA can perform,
and a policy stating who is responsible for supervision
and evaluation of the TA. It is suggested that these
guidelines be developed by the same group formed in
recommendation number 1.

A final recommendation is that the five elementary schools
presently participating in the DS Project be provided monies to
continue the Teaching Assistant Program. This provision would
cover the transitional period until the studies are compieted
regarding the methods of budgeting in schools, the final rate of
pay, and the TA role description. It is proposed that an increase
in salary be granted to those TAs who have worked for one or two
years in the project's experimental phase. It is further recom-
mended that the monies needed for this recommendation be drawn

from the present budget allotment for the experimental phase of

the DS Project.

A FINAL REMARK

In summary, we strongly recommend that the Teaching Assistant
position be established in the district as another alternative way
to organize staffs for instruction. The data indicate very positive
ourcomes from the program to date. Recognizing the various concerns
and problems also indicated by the data, the DS Coordinators will
continue through the rest of this year to make the adjustments nec-

essary to overcome the concerns.
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We are convinced that the recommendations proposed in this
report are realistic for the district in terms of how the district
can finance such a program, how guidelines should be established
for further development of the Teaching Assistant role, and what

requirements must be placed upon school staffs that decide to utilize

the services of the TA.
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AEEendix é
EUGENE PUBLIC SCHOOLS

Differentiated Staffing Project
May, 1970

PARAPROFESSIONAL
ROLE ANALYSIS

Description

The paraprofessional shall provide instructional assistance to
the certified staff. The main responsibility will be to serve as

teaching technician, performing a number of teaching tasks with

students.

Specific Functions

1) Provide individual research help for students seeking assistance.
2) Serve as listener and helper to small reading groups.
3) Serve as a discussion leader for large or small groups.

4) Seek out information and materials for instruction by
self or other unit staff members.

5) Provide assistance to teachers in analyzing individual
student progress.

6) Assist teachers in the creation of learning packages or
programs.

7) Operate audio-visual aids for groups of students.

8) Salary and contract hours are presently being considered.

Personal Qualities Desired

1) Demonstrates positive attitude toward children.
2) Demonstrates awareness of educational goals and objectives.
3) Possesses ability to relate positively with other adults.

4) Demonstrates ability to follow instructions and carry out
necessary tasks.

5) Demonstrates desire to improve self skills and instructional
skills necessary to the position.

16




Appendix B

EUGENE PUBLTC SCHOOLS
Differentiated Staffing Project
Instructional Assistants Log - 1970-71

NAME DATE
DAY
SCHOOL LOGGED

A. Estimate the time in minutes spent on each task.
TASK NO. OF MINUTES

Mon | Tues | Wed | Thurs| Fri

1. Working with Total Class of Students

a. Discussion

b. Reading to class

c. Hearing pupils read

d. Operating audio-visual aids

e. Administrating assignments &
monitoring tests

2. Working with Small Student .Groups
a. Discussion

b. Skill reinforcement - Conducting
drill exercises

c. Hearing pupils read

d. Assisting with student research

3. Working with Individual Students
a. Reinforcement of skills

b. Assisting with student research

c. Desk to desk individual help

d. Reading to a student

e. Hearing a student read

4. Working with Staff
a. Seeking out materials

b. Attending meetings

c. Assisting with Evaluation of
Students

17




Mon Tues Wed Thurg Fri

5. Clerical Duties

a. Reproducing test, worksheets,
transparencies

b. Constructing materials (bulletin
boards, games, etc.)

c. Correcting papers and tests

d. Housekeeping

e. Hearing a student read

6. Supervision Duties

a. Recess supervision

b. Noon duty

c. Halls supervision

d. Field trips

7. Working Alone

a. Planning

b. Research

B. List difficulties or problems encountered during the week. How were
they resolved?

C. List any tasks performed that do not fit the categories in section
A. How much time did the tasks take?




NAME SCHOOL

DATE

1) From whom do you receive most of your supervision?
2) With whom do you spend most of your time planning for what you do?

3) Discuss any general thoughts or feelings about the position of Teaching
Assistant (paraprofessional) that you might have at this time.

4) Are there any particular kinds of training programs that you think
would be beneficial at this time in assisting you in fulfilling your

responsibilities better?



one survey is large enough, the above is true; however,
spurious corrsiations may exist becauéé the survey was faken
at an instant in time. In particular taking a survey during
the first wsek of school could lead to results not applicable
to otner Lines in the year. One must remember though, that
just because a specific variable had a significant correla-
tion with output at a particilar instant and not significant
correlation at later time, does not mean the correlation is
spurious; the model could have parameters that change over
time. Unfortunately, the Coleman Report was taken for just.
one instant of time, sO oné carmot test the relationships at
a later time unless other data exists.

Hanushek did. mot include data from other times in his
paper.

Another disadvantage of Hanushek'!s procedure is that of
noise, those variables affecting échievement but not measured,
in the system at the particular time the data survey was taken.
Whether this effect of mnoise is large is difficult to deter-
mine because a theoretical model relating inputs to achieve-
ment is almost non-existent. .

A learning theory developed by James Bright suggested
that a measure of efficiency is log-log related to the cumula-
tive number of repetitions of a given'task; however, this
model is for a production line process for a group and not
individuals. Additional research into the applicability in

public education of Bright's theory would enhance the duality

of the paper.

10




7

One additional difficulty is with the data colltheda

. According to Hanushek, most data surveys contain only _ .

measure of output, and this leads to a difficully 1in qger”
mining the utility of various alternative educational o roae’
dures. 3everal surveys can be used to obtain several measgi‘es
of output, but combining the information of these Suryg g
pr=sents a major problem. The surveys do not have an ideﬂbi“
cal set of input conditions so that the output measSUryg ,r¢
not necessarily derived from comparable input vectors, .;t@

so little theory to support a micro-analysis medel, éqjus:grﬂent-%
for difflerenc‘es in the _input_ ,ve.ctor_'s"are made from jquemgﬂts
or correlational studies, hot a very reliable prdcedube.

Using ,the Equality of Educational Opportunity Suhvey
(Coleman Report), Hanushek compares aggregated data f"om 713
school in the urban centers in the Northeast. BY using tpi5
aggregated data, the model pProposed was modified to Ula salﬂool
averages instead of individual student differences. l'l‘his
procedure assumes that the_'average utility and aChievemen{;,

t

e.g. A, = £(B%YI%,5%) wnere the underscore indicates . _,ysf°

value, are independent of the individual student chary, £el”

‘istics. There is reason to believe that this assun!PtiQn' 15'

false. For example, if f were linear in P, I, S, but log,log

related in B the A, # f(_B_t,Et,Lt,gt) . PFurthermore, a Qecigion
maker may place a much higher utility on a unit of achieverﬂent
by a student who is below average than by one who 1S Aove”

Hanushek's work indicates the general level of rQSearaY‘

being conducted in education. The absence of & theOTay, .zt
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miaro’interaa”ion model hillqers £he development of meaningful
deaisior’* maxi?s |

Jo p_ poT Aang g, 5. Dyep ( * ) Pregent a model for con-
sertitS pogr SCOTsg  alMOugy ¢noT ORtpyut measures could be
ssedr Mg gt3lity | BY ®Omy.ing M utinity per dollar for
a0l PPy oo, OB ogp OPPlmy,  gne total oxpenditure. If
project Rossf oTe s pouFe in disarete units, this procedure
ne¥ " y1c10 3 opgan?’ S0 s0n¢ ATOr and Dyer developed

a 20981 ;13708 e FOMO, . £9°Fong) form:

(2) £(21° S5, oef ,a_n) = Z,iﬁlwifi(ai)
Whene 23 1s gpe F°F ésntile SCOre . a device measuring
aghievement in 2 sPeCify goal area,
£5 1s g fﬂnctisn Wnioh.cc’n_verts test scores into
the ooty maKZ,f'S Utiyity units,
Wy 1s g w@ighting £20YT ing;cating the relative

lfnpor’can ce op each of the goals.
To Rake deCig; ons the Qr.iter’ion Of gxpected change in

(3} gV wi[ﬁﬁlri(a )’fi(ag)- Pi(AKlaij)]
Whey a(AUi)_ s ipe eXPeCeq ;hange in utility
. , R are? e
03 13 ype °°°Y of program j,
Wy s ipe rélative jmportance to the

Rejsio? maken of area i,



fi‘AK)"fi(ag) is the change ir utility associated
with increases in percentile scores,
Pi@ﬂKlagj) is the Drobability of a specific
changeZSK in utility in area i if
program J is used and the previous
percentile"s§ores for area i.
By cozputing E(AUi)/cj for all programs considered, the program
with the greatest increase in utility per dollar can. be selected.
Ignoring the facts that the function form f, and the

achievement 1evel ai may nét be known accurately, the procedure
.stili has serious E;ficieHCiesﬂ The criterion of using the
maximal increase in utilitj per dollar ié not satisfactory if
project costs occur jn non-linear forms, especially in descrete
quantities, Amor and Dyer do not consider a budgetary con-
straint in the decision procedure. For example, if a project
has a cost of 510,000 and EQ&Ui)/slo,ooo = .00004 was the
greatest vajue of EQQUi)/cj,_Amor'and Dyer would choose that
project. Yet, if only $8,000 were available, such a procedure
would lead to an incorreét solution. In connection with this,
EQQUQ/cj‘may not be constant; i.€e as total cost increases by
R%, Utility increases by S%, as is the case in a project with
fixed adminjistrative costs and a2 specific variable cost per
s#udent,so that each level of implemention would have to be
coﬁsidered anotvher project. A decision maker may consider an
increase in achievement by a particular segment of the student
population to be associated with a2 large increase in utility.

In such an event each increment in achievement could have an

"associated utility and the total change in utility could be

ERIC 13
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10

conputed by weighting the individual utilities by the number
of people accomplishing a particular increase in achievement,
but Amor's model permits only average increase in achievement
for the whele population to be considered.

This obvjiection is easily-overcome by redefining goal
areas a3 zoczl areas for subpopulationf, £ = 1,2, ... m,

Py
~

e.3. a; is revlaced by (a ;0 2 cee mi) where the subscript

2i’
iis replacéd by the subscripts fi. Similar changes are
made for fi and w;. The model then becomes
n
P o %) = 45 13 T B

The above method may ﬁot be satisfactory eithér, for the
decision maker may place a high utility on how many students
have a particular increaée in achievement. Utility is.then a
function of the sum of the individual utilities, which:are a
function of the number of students and a particular increase
in achievenment.

The decision proceduré could be revised to useidynamic
programming to determine the allocation of dollars to projects
that yielded the greatest increase in associated utility.

Let ¥ egual the number of potential prqjécts, ds, j =
1, 2, ..., I be the amount of money to be spent on each project
subject to the cohspraint_

f%, d. < M

i=1 47
where ¥ is the total amount of money available. Return
Bj(dj) is the utility associated with project j. For this

problem the objective'function would be to maximize

14
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The state variable xj is the amount of ﬁgney avajlable for
allocation to projects 1, 2, ..., J> i.e. xj-l = xj - dj’-
Note that the decision variables dj can be transformed into
decision vectors by adding decision vaprijables ag to how many
students of each subpopulation will be in Project o

Finally, the Amor and Dyer model overlOOks the possibi-
lity of cross-goal effects of a Project., If the goal area is
reading, an increase in achievement in that area could affect _
other areas such as history, science, cyrrent events, where
the ability té.read is an éSSenfial ékili. By summing the
right hand of (3) over the i goal areas, the total change in
wtility per dollar can be computed Provided f is a separable
function. | |

If f is not separable, the right hand Side of equation
(2) is identical to the left hand Side, This increases the
difficulty in the implementation Oof the model because the
decision maker must be able to define £(a]122s «osy an)
instead of the f(ai) i=1, 2, «ees n, The function f(al,az,
cees an) could be separable but not ingo n terms, If this
is the case then the implementation of the model js less -
difficulty than the non-separable Case but more difficult
than the original model because the difficulty in determining
common Uutility in different gbal areas, These objections are

not important if one can find an n-terp separable function to

represent one's utility.
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In Amor . and Dyer's paper one assumes that the total
utility of the decision maker is the weighted sum of the goal
utilities,yet the decision maker's units of utility for each
goal areag may be different and perhaps not convertible from
one to another. Trying to compare the utility of one unit of
jncreéase in social values with that of §ne unit of increase
jn Yeading is a major difficulty.‘ Unfortunately, the construc-
tion of such a function that converts the n-Zuple of ubtility
meadSures into a common measure is not easy.

For severely restricted cases as outlined above; the .
model is inadequate; however, the use of this model in more
general situations will nof result in a correct analysis
either, Because the sensitivity of determining the correct
solution is not known, one cannot determine if the unaltered
model will yield the optimal or. new optimal decision.

Levin's (18 ) "A New Hodel of School Effectivenessﬁ is
a SO0urce of much insight into the problem of modeling the

educational process. One major assumption made in educational

e¥Periments according to Levin is ceteris paribus, i.e. that

‘all things not measured in the experiment are egual. Yet
¢hisS assumption by educators is not justified because the ex-
periments conducted in education do not lead to conclusive
réSﬁlts, not even always to consistent résulﬁs.- Either the
exPeriements are poorly conceived and operated, or noise-
variables contribute significantly to the output measures of
achievepent. |

Because of the lack of theory describing the educational

process and not having a common measure for the multipie goals
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of education, one cammot speCify the relationships between

specific inputs and outputs.3

One idea that the previous studies neglected is that
observations of the educational system are not tne most
efficient or the maximum obtainable with the given inputs;
'This is sinilar to observing the horsepower of a poorly tuned
enzine; an engineer would have great difficulty in.determin;
ing the combustion equations.. Unfortunately the development
of the education vroduction function is hampered by three
additionai problem areas: lack of knowledge of the relevant
production set, lack ¢of discretion in the. use of inputs, and
lack of incentive'to impro%e the educational process.a'

Levin has developed a simultaneous equation system that
has multiple output measures inétea& of just one measure.

By solving the set of equations with a two stage least squares
procedure, interaction of the output variables was permitted.
One disadvantage of this procedure is that it does not recog-
nize time delay effects of the output variabies on other
variables in the model.

Using Hanushek's model as a beginhing, Levin expands the

1list of arguments to include:

A, = a measure of the student's sense of efficacy or
it
fate control at ¢,
A3 = g measure of educational motivation of the ith
it ‘ : .

student at t,

A4 parents! educational expectation for the student .
it
at t.

The complete model is the following:
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deflneg them. Vectors AZit’ ABit’ AQit are unique in that

not only is each assumed to affect achievement, but also
each is affected by the level of achievement. Further assump-
tions were made that particular variables contribﬁted‘to
changes in only one of the four A variables, Alit’ AZit’ A31t’

Apygs resulting in a four-equation system:

(5) Ayse = & F1308) 2 S13(e) Frie)? i)’ T1i(e)
Aot 43540 Ausy)

PZi(t)’ 021(1:)’ I21(1:)
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Arigs A3ip0 Bysy)
(1) R334 = 8507 33(4) 2 S35(8)* Faue)? O31(8)7 T31(8)
Brits Boipr Bus)
(®) Ausp = 8 Fui() Suace)s Pua(e) Ona()” Tnace’
Ajigs A2ite A3it) |
If one assumes that the g, are linear equations as Levin

does in his solved example, then the four equation problem

can be solved using standard linear algebra techniques.
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Coefficients are determined three ways: by ordinary
least squares, two stage least squares, and algebraic substitu-
timall .using data from the Coleman Report. The ordinary least
squares procedure estimates the coefficients of each of the
equations (3), (6), (7)), (8) independently of any results of
.the other tnree equations. Two stage least squares procedure
estimates the coefficients of all equations simultaneously.
This may yield a different set of.coefficients because of the
possible interaction effects of the variabtles. If the output
data Aj;y did not depend on the other output infcrmation.gkit
k. # j, then the ordinary least squares and two stage least
sguares would yield coeffiéients for each variable that would
be approximately equal. But the observation.Ajit cannot be
divided into two observations, the 6ne_depending on equation
(j + 4) and one on the other three equations, because the
surveys cannot explicityly determine the division of the obser-
vation. Therefore, statistical methods are used to determine
the division of the Ajit' By using three equations instead
of four, a different set of coefficients will result. Levin
solved eguations (5), (6), (7) by two stage least squares and
then substituted the resulting values of Bispr Bpyp and Agy,
into equation (8) which was solved by ordinary least squares.
No reason was stated for this change.

To reduce the number of variables in the modei, Levin
eliminated those input variables that had little or nb statis-

tical effect on achievement output. In the particular study,

the innate characteristics vector was deleted due to lack of
data.
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While the general caliber of this study is above the
previous ones, several theoretical and statistical deficien-
cies exist. As described in Hanushek's paper, a linear equa-
tion may ncot fit the data as well as some non-linear forms.
In such a z2s2, one does not have a general method to solve
the syston of ezuations and guarantee that a solution or lack
of a solution can be demonstrated. Many technigues exist for
solving special kinés of non-linear equations such as trans-
formaticn vo linear equations and piecewise linear apppoxi-
mation. - -ore importantliy, if one assumes that Alit’ AZit’
";’-Auit inperect with each other, there is no reason to
believe that the current velue of each of these variables or
the sum of all previous values before t is the deciding
value. For example, current levels of achievement may not
be known to parents, students, and the commumity. To cite
another example, the parents' educational expectation, Auit’
as Levin states, depends on the past performance level of the
students, not necessarily on the sum of all previous perfor-
mance to time t?

Community‘influences, Olit’ may be based on information
several time periods old, e.z., "What'!s good enough for me is
good enough for today's student." Additionally, governmental
influences may be based on studies or surveys that took a
nunmber of time periods to complete and analyze.

Each of the Fji(t)’ Sji(t)’ Pji(t) and Oji(t) are control-
lable variables to some extent. If Levin's model is assumed

to be a good representation of reality, then one can optimize

<0
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expenditures by applying non-linear programuning.. The objec-
tive function would be to maximize
4 N
0T j§1 lefij(Ajit) )
Wdhere fij iz a function which transforms outpgt into utility,
sucn as in amor ané Dyer's model. There are N variables in

O]

the input vectors. Zquations (5), (6), (7), (8) are constraints
along with eguations describing the cost of changing the input
variables and one equation that represents the budgetary con-
straint. Nomnegativity restrictions are added where necessary;
so are other restrictions on the solution space, such as state
lawus, |

Levin states that his interpretations are highly specu-
lative because of the reasons discussed in the beginning of
this section.- One significant interpretatioh that should be
examined'is that if the ordinary least squares estimate of the
coefficient varies greatly from the simultaneous equation
estimate, then that particular variable has indirect effects
that constitute the differeﬁcé;'llf all variables had a zero
time lag, this would be a reasonabie assumption; however, with
time deiayS, the vector inputs measured may nbt represent the
true state of the educational system or the state used to deter- .
miné interaction effects. The apparent~indirect effects could
be caused by vrevious values of variable in the particular
equation exanined.

Roger Sisson (27;2&Of the University of Pennsylvania
Management Science Center has developed two models relating

resource inovuts to educational outcomes. The first model uses
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Generally, the TAs indicated high job satisfaction but cxpressed
some personal concerns and recommendations for change. This infor-
mation was then relayed to the Curriculum Associates by the DS
Coordinators. Several changes are occuring and different results
appear to be emerging during the second year of the experimental
phase. A copy of the actual log sheets used is found in Appendix B.

Reactions from other staff members at Parker and Spring Creek
about the role and performance of the TA have been mixed. Staff
members feel most positive about the assistance that TAs provide
to individuals and small groups of students, the working relationship
between TAs and other staff members, and the willingness with which
the TAs have performed the tasks requested of them. On the other hand,
staff members have been concerned with the difficulty in trying to
develop a new role for the district,with identifying when a TA can
and cannot work with students on his own, and in overcoming the
feelings that the TA is another clerical aide.

Some district personnel (not directly teaching or working in
the DS schools) have expressed concern about the future impact of the
TA program as it relates to protecting éducators. The most usual
question from those connected to the professional teaching assoc-
iations is, '"If you can hire three Teaching Assistants for the same
amount as one teacher, what is to prevent boards and administrators
from replacing some teachers with Teaching Assistants?'" The response
of the DS Coordinators has been that of recognizing that a potential
problem exists and that a solution will have to be found. We do not
have the answer ready this instant, but we do feel that the answer is

not to abolish the TA position. One of the recommendations in the

10



following section relates to this issue.

The other major issue, primarily among those invoclved in
personnel practices in the district, is the question of how much
time should the TA work directly with students, and what kinds of
activities should the TA be allowed to conduct with them. The dev-
elopment of the TA position to défe indicates to the DS Coordinators
a strong need to produce a clear and concise description of the TA
role, with specific guidelines for time allotments for the TAs
activities with students. This is necessary to prevent the use of
TAs as substitutes for absent teachers, and insure that TAs will not
be expected to plan lessons, conduct the activities, and evaluate
students. Planning lessons, conducting activities, and evaluating .
students are aspects of the role of the certificated teacher. Only
the second of these, that of conducting activities, should properly
be included in the TA role; indeed, it is the basic function of the TA.

A second recommendation of the next section is offered as part of

the response for those concerns.

In summary, the data so far indicate that Teaching Assistants
are generally performing the tasks originally expected of them in
the position. Further, there has been no emerging effort on the part
of the Spring Creek and Parker staffs to seek more Teaching Assistants

by releasing some of their certified teachers. Finally, neither staff

has demonstrated a willfull intent to misuse the Teaching Assistants in
any way. In fact, there has been a concerted effort in both schools

to be extremely careful that the TAs are not misused and that they

are asked to perform only their expected role.

11
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BRECOMMENDATIONS

The following recommendations are proposed by the DS Coordinators
after studying the data gathered to date and after much deliberation
and consultation with thé Personnel Director, Area Directors, principals
and teachers in the DS schools, and the Teaching Assistants themselves.
They are presented as ideas for the beginning of further discussion and
negotiation about the role of the TA and its potential for the Eugene
School District.

The first recommendation addresses itself to the issue raised
by many professional educators, namely, that tne Teaching Assistant
program is a major potential threat to teachers because approximately
three Teaching Assistants can be employed for one average teaching
salary. The recommendation has the following four components:

1) We propose that the district board and administration

consider a major change in the budget allotments for

the staffing of schools. It is suggested that an allot-
ment be established, as is presently the case, for the
provision of a necessary number of professional and
clerical staff.

2) A basic change we propose is that the district in
addition establish a flexible allotment for staffing
each school. There would be no restrictions on the use
of this allotment for either professional or non-
certified staff. However, each school staff would be
required to show evidence to the administration of having
evaluated its needs for staff, to indicate to the admin-
istration the intended utilization of personnel acquired

from the flexible allotment, and to provide a plan of

, 12
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action for evaluating the results of that staff performance.
The flexible allotment would allow each staff to decide
whether the needs of the program would best be met by the
use of TAs or of other specialists.

3) It is proposed that a school with a well-designed plan for
staffing and evaluation of its program at a designated time
could request the addition of Teaching Assistants from the
monies allotted for certificated or non-certificated staff.
It is suggested at this time, however, that a limit be set

~upon the amount of money that could be used from either allot-
ment.

4) Finally, it is suggested that the EEA TEPS committee, the
District Personnel Director, and the area directors work
jointly with the DS Coordinators and the TAs to develop
final guidelines for the previous three sections of this
recommendation. These guidelines would be completed by
June, 1972.

The second recommendation relates directly to the role of the
Teaching Assistant, and proposes the acceptance of the position in
the district's staffing pattern as an alternative way of providing
education for students. The recommendation is as follows:

We propose that the Teaching Assistant position be

accepted as a regular position in the étaffing pattern

of the Eugene School District. Acceptance of this proposal
would not necessarily provide each school in the district
to have an equal number of TAs. It would mean that the
position is available for schools that determine that

Teaching Assistants could help them to improve the program

13
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in that school. We mean that the district will have a
set of guidelines for selecting Teaching Assistants, a
description of the actual roles that the TA can perform,
and a policy stating who 1is responsible for supervision
and evaluation of the TA. It is suggested that these
guidelines be developed by the same group formed in
recommendation number 1.

A final recommendation is that the five elementary schools
presently participating in the DS Project be provided monies to
continue the Teaching Assistant Program. This provision would
cover the transitional period until the studies are compieted
regarding the methods of budgeting in schools, the final rate of
pay, and the TA role description. It is proposed that an increase
in salary be granted to those TAs who have worked for one or two
years in the project's experimental phase. It is further recom-
mended that the monies needed for this recommendation be drawn

from the present budget allotment for the experimental phase of

the DS Project.

A FINAL REMARK

In summary, we strongly recommend that the Teaching Assistant
position be established in the district as another alternative way
to organize staffs for instruction. The data indicate very positive
ourcomes from the program to date. Recognizing the various concerns
and problems also indicated by the data, the DS Coordinators will
continue through the rest of this year to make the adjustments nec-

essary to overcome the concerns.

14
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We are convinced that the recommendations proposed in this
report are realistic for the district in terms of how the district
can finance such a program, how guidelines should be established
for further development of the Teaching Assistant role, and what

requirements must be placed upon school staffs that decide to utilize

the services of the TA.
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AEEendix é
EUGENE PUBLIC SCHOOLS

Differentiated Staffing Project
May, 1970

PARAPROFESSIONAL
ROLE ANALYSIS

Description

The paraprofessional shall provide instructional assistance to
the certified staff. The main responsibility will be to serve as

teaching technician, performing a number of teaching tasks with

students.

Specific Functions

1) Provide individual research help for students seeking assistance.
2) Serve as listener and helper to small reading groups.
3) Serve as a discussion leader for large or small groups.

4) Seek out information and materials for instruction by
self or other unit staff members.

5) Provide assistance to teachers in analyzing individual
student progress.

6) Assist teachers in the creation of learning packages or
programs,

7) Operate audio-visual aids for groups of students.

8) Salary and contract hours are presently being considered.

Personal Qualities Desired

1) Demonstrates positive attitude toward children.
2) Demonstrates awareness of educational goals and objectives.
3) Possesses ability to relate positively with other adults.

4) Demonstrates ability to follow instructions and carry out
necessary tasks.

5) Demonstrates desire to improve self skills and instructional
skills necessary to the position.
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Appendix B

EUGENE PUBLTC SCHOOLS
Differentiated Staffing Project
Instructional Assistants Log - 1970-71

NAME DATE
DAY
SCHOOL LOGGED

A. Estimate the time in minutes spent on each task.
TASK NO. OF MINUTES

Mon | Tues Wed Thurs| Fri

1. Working with Total Class of Students

a. Discussion

b. Reading to class

c. Hearing pupils read

d. Operating audio-visual aids

e. Administrating assignments &
monitoring tests

2. Working with Small Student .Groups
a. Discussion

b. S8kill reinforcement - Conducting
drill exercises

c. Hearing pupils read

d. Assisting with student research

3. Working with Individual Students
a. Reinforcement of skills

b. Assisting with student research

c. Desk to desk individual help

d. Reading to a student

e. Hearing a student read

4. Working with Staff
a. Seeking out materials

b. Attending meetings

c. Assisting with Evaluation of
Students

17




Mon Tues Wed Thursg Fri

5. Clerical Duties

a. Reproducing test, worksheets,
transparencies

b. Constructing materials (bulletin
boards, games, etc.)

c. Correcting papers and tests

d. Housekeeping

e. Hearing a student read

6. Supervision luties

a. Recess supervision

b. Noon duty

c. Halls supervision

d. Field trips

7. Working Alone

a. Planning

b. Research

B. List difficulties or problems encountered during the week. How were
they resolved?

C. List any tasks performed that do not fit the categories in section
A. How much time did the tasks take?




NAME SCHOOL

DATE

1) From whom do you receive most of your supervision?
2) With whom do you spend most of your time planning for what you do?

3) Discuss any general thoughts or feelings about the position of Teaching
Assistant (paraprofessional) that you might have at this time.

4) Are there any particular kinds of training programs that you think
would be beneficial at this time in assisting you in fulfilling your

responsibilities better?
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Generally, the TAs indicated high job satisfaction but cxpressed
some personal concerns and recommendations for change. This infor-
mation was then relayed to the Curriculum Associates by the DS
Coordinators. Several changes are occuring and different results
appear to be emerging during the second year of the experimental
phase. A copy of the actual log sheets used is found in Appendix B.

Reactions from other staff members at Parker and Spring Creek
about the role and performance of the TA have been mixed. Staff
members feel most positive about the assistance that TAs provide
to individuals and small groups of students, the working relationship
between TAs and other staff members, and the willingness with which
the TAs have performed the tasks requested of them. On the other hand,
staff members have been concerned with the difficulty in trying to
develop a new role for the district,with identifying when a TA can
and cannot work with students on his own, and in overcoming the
feelings that the TA is another clerical aide.

Some district personnel (not directly teaching or working in
the DS schools) have expressed concern about the future impact of the
TA program as it relates to protecting éducators. The most usual
question from those connected to the professional teaching assoc-
iations is, "If you can hire three Teaching Assistants for the same
amount as one teacher, what is to prevent boards and administrators
from replacing some teachers with Teaching Assistants?' The response
of the DS Coordinators has been that of recognizing that a potential
problem exists and that a solution will have to be found. We do not
have the answer ready this instant, but we do feel that the answer is

not to abolish the TA position. One of the recommendations in the
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following section relates to this issue.

The other major issue, primarily among those inveclved in
personnel practices in the district, is the question of how much
time should the TA work directly with students, and what kinds of
activities should the TA be allowed to conduct with them. The dev-
elopment of the TA position to d;£e indicates to the DS Coordinators
a strong need to produce a clear and concise description of the TA

role, with specific guidelines for time allotments for the TAs

activities with students. This is necessary to prevent the use of

TAs as substitutes for absent teachers, and insure that TAs will not
be expected to plan lessons, conduct the activities, and evaluate
students. Planning lessons, conducting activities, and evaluating .
students are aspects of the role of the certificated teacher. Only
the second of these, that of conducting activities, should properly
be included in the TA role; indeed, it is the basic function of the TA.
A second recommendation of the next section is offered as part of
the response for those concerns.

In summary, the data so far indicate that Teaching Assistants
are generally performing the tasks originally expected of them in
the position. Further, there has been no emerging effort on the part
of the Spring Creek and Parker staffs to seek more Teaching Assistants

by releasing some of their certified teachers. Finally, neither staff

has demonstrated a willfull intent to misuse the Teaching Assistants in
any way. In fact, there has been a concerted effort in both schools

to be extremely careful that the TAs are not misused and that they

are asked to perform only their expected role.
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BECOMMENDATIONS

The following recommendations are proposed by the DS Coordinators
after studying the data gathered to date and after much deliberation
and consultation with thé Personnel Director, Area Directors, principals
and teachers in the DS schools, and the Teaching Assistants themselves.
They are presented as ideas for the beginning of further discussion and
negotiation about the role of the TA and its potential for the Eugene
School District.

The first recommendation addresses itself to the issue raised
by many professional educators, namely, that tne Teaching Assistant
program is a major potential threat to teachers because approximately
three Teaching Assistants can be employed for one average teaching
salary. The recommendation has the following four components:

1) We propose that the district board and administration

consider a major change in the budget allotments for

the staffing of schools. It is suggested that an allot-
ment be established, as is presently the case, for the
provision of a necessary number of professional and
clerical staff.

2) A basic change we propose is that the district in
addition establish a flexible allotment for staffing
each school. There would be no restrictions on the use
of this allotment for either professional or non-
certified staff. However, each school staff would be
required to show evidence to the administration of having
evaluated its needs for staff, to indicate to the admin-
istration the intended utilization of personnel acquired

Q from the flexible allotment, and to provide a plan of
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action for evaluating the results of that staff performance.
The flexible allotment would allow each staff to decide
whether the needs of the program would best be met by the
use of TAs or of other specialists.

3) It is proposed that a school with a well-designed plan for
staffing and evaluation of its program at a designated time
could request the addition of Teaching Assistants from the
monies allotted for certificated or non-certificated staff.
It is suggested at this time, however, that a limit be set

~upon the amount of money that could be used from either allot-
ment.

4) Finally, it is suggested that the EEA TEPS committee, the
District Personnel Director, and the area directors work
jointly with the DS Coordinators and the TAs to develop
final guidelines for the previous three sections of this
recommendation. These guidelines would be completed by
June, 1972.

The second recommendation relates directly to the role of the
Teaching Assistant, and proposes the acceptance of the position in
the district's staffing pattern as an alternative way of providing
education for students. The recommendation is as follows:

We propose that the Teaching Assistant position be

accepted as a regular position in the étaffing pattern

of the Eugene School District. Acceptance of this proposal
would not necessarily provide each school in the district
to have an equal number of TAs. It would mean that the
position is available for schools that determine that

Teaching Assistants could help them to improve the program
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in that school. We mean that the district will have a
set of guidelines for selecting Teaching Assistants, a
description of the actual roles that the TA can perform,
and a policy stating who is responsible for supervision
and evaluation of the TA. It is suggested that these
guidelines be developed by the same group formed in
recommendation number 1.

A final recommendation is that the five elementary schools
presently participating in the DS Project be provided monies to
continue the Teaching Assistant Program. This provision would
cover the transitional period until the studies are compieted
regarding the methods of budgeting in schools, the final rate of
pay, and the TA role description. It is proposed that an increase
in salary be granted to those TAs who have worked for one or two
years in the project's experimental phase. It is further recom-
mended that the monies needed for this recommendation be drawn

from the present budget allotment for the experimental phase of

the DS Project.

A FINAL REMARK

In summary, we strongly recommend that the Teaching Assistant
position be established in the district as another alternative way
to organize staffs for instruction. The data indicate very positive
ourcomes from the program to date. Recognizing the various concerns
and problems also indicated by the data, the DS Coordinators will
continue through the rest of this year to make the adjustments nec-

essary to overcome the concerns.
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We are convinced that the recommendations proposed in this
report are realistic for the district in terms of how the district
can finance such a program, how guidelines should be established
for further development of the Teaching Assistant role, and what

requirements must be placed upon school staffs that decide to utilize

the services of the TA.
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AEEendix é
EUGENE PUBLIC SCHOOLS

Differentiated Staffing Project
May, 1970

PARAPROFESSIONAL
ROLE ANALYSIS

Description

The paraprofessional shall provide instructional assistance to
the certified staff. The main responsibility will be to serve as

teaching technician, performing a number of teaching tasks with

students.

Specific Functions

1) Provide individual research help for students seeking assistance.
2) Serve as listener and helper to small reading groups.
3) Serve as a discussion leader for large or small groups.

4) Seek out information and materials for instruction by
self or other unit staff members.

5) Provide assistance to teachers in analyzing individual
student progress.

6) Assist teachers in the creation of learning packages or
programs.

7) Operate audio-visual aids for groups of students.

8) Salary and contract hours are presently being considered.

Personal Qualities Desired

1) Demonstrates positive attitude toward children.
2) Demonstrates awareness of educational goals and objectives.
3) Possesses ability to relate positively with other adults.

4) Demonstrates ability to follow instructions and carry out
necessary tasks.

5) Demonstrates desire to improve self skills and instructional
skills necessary to the position.
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Appendix B

EUGENE PUBLTIC SCHOOLS
Differentiated Staffing Project
Instructional Assistants Log - 1970-71

NAME DATE
DAY
SCHOOL LOGGED

A. Estimate the time in minutes spent on each task.
TASK NO. OF MINUTES

Mon | Tues Wed Thurs| Fri

1. Working with Total Class of Students

a. Discussion

b. Reading to class

c. Hearing pupils read

d. Operating audio-visual aids

e. Administrating assignments &
monitoring tests

2. Working with Small Student .Groups
a. Discussion

b. Skill reinforcement - Conducting
drill exercises

c. Hearing pupils read

d. Assisting with student research

3. Working with Individual Students
a. Reinforcement of skills

b. Assisting with student research

c. Desk to desk individual help

d. Reading to a student

e. Hearing a student read

4. Working with Staff
a. Seeking out materials

b. Attending meetings

c. Assisting with Evaluation of
Students
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5. Clerical Duties

a. Reproducing test, worksheets,
transparencies

b. Constructing materials (bulletin
boards, games, etc.)

c. Correcting papers and tests

d. Housekeeping

e. Hearing a student read

6. Supervision Duties

a. Recess supervision

b. ©Noon duty

c. Halls supervision

d. Field trips

7. Working Alone

a. Planning

b. Research

B. List difficulties or problems encountered during the week. How were
they resolved?

C. List any tasks performed that do not fit the categories in section
A. How much time did the tasks take?




NAME SCHOOL

DATE

1) From whom do you receive most of your supervision?
2) With whom do you spend most of your time planning for what you do?

3) Discuss any general thoughts or feelings about the position of Teaching
Assistant (paraprofessional) that you might have at this time.

4) Are there any particular kinds of training programs that you think
would be beneficial at this time in assisting you in fulfilling your

responsibilities better?
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Generally, the TAs indicated high job satisfaction but cxpressed
some personal concerns and recommendations for change. This infor-
mation was then relayed to the Curriculum Associates by the DS
Coordinators. Several changes are occuring and different results
appear to be emerging during the second year of the experimental
phase. A copy of the actual log sheets used is found in Appendix B.

Reactions from other staff members at Parker and Spring Creek
about the role and performance of the TA have been mixed. Staff
members feel most positive about the assistance that TAs provide
to individuals and small groups of students, the working relationship
between TAs and other staff members, and the willingness with which
the TAs have performed the tasks requested of them. On the other hand,
staff members have been concerned with the difficulty in trying to
develop a new role for the district,with identifying when a TA can
and cannot work with students on his own, and in overcoming the
feelings that the TA is another clerical aide.

Some district personnel (not directly teaching or working in
the DS schools) have expressed concern about the future impact of the
TA program as it relates to protecting éducators. The most usual
question from those connected to the professional teaching assoc-
iations is, "If you can hire three Teaching Assistants for the same
amount as one teacher, what is to prevent boards and administrators
from replacing some teachers with Teaching Assistants?'" The response
of the DS Coordinators has been that of recognizing that a potential
problem exists and that a solution will have to be found. We do not
have the answer ready this instant, but we do feel that the answer is

not to abolish the TA position. One of the recommendations in the

10




following section relates to this issue.

The other major issue, primarily among those invclved in
personnel practices in the district, is the question of how much
time should the TA work directly with students, and what kinds of
activities should the TA be allowed to conduct with them. The dev-
elopment of the TA position to d;£e indicates to the DS Coordinators
a strong need to produce a clear and concise description of the TA

role, with specific guidelines for time allotments for the TAs

activities with students. This is necessary to prevent the use of

TAs as substitutes for absent teachers, and insure that TAs will not
be expected to plan lessons, conduct the activities,'and evaluate
students. Planning lessons, conducting activities, and evaluating .
students are aspects of the role of the certificated teacher. Only
the second of these, that of conducting activities, should properly

be included in the TA role; indeed, it is the basic function of the TA.
A second recommendation of the next section is offered as part of

the response for those concerns.

In summary, the data so far indicate that Teaching Assistants
are generally performing the tasks originally expected of them in
the position. Further, there has been no emerging effort on the part
of the Spring Creek and Parker staffs to seek more Teaching Assistants

by releasing some of their certified teachers. Finally, neither staff

has demonstrated a willfull intent to misuse the Teaching Assistants in
any way. In fact, there has been a concerted effort in both schools
to be extremely careful that the TAs are not misused and that they

are asked to perform only their expected role.

11
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BRECOMMENDATIONS

The following recommendations are proposed by the DS Coordinators
after studying the data gathered to date and after much deliberation
and consultation with thé Personnel Director, Area Directors, principals
and teachers in the DS schools, and the Teaching Assistants themselves.
They are presented as ideas for the beginning of further discussion and
negotiation about the role of the TA and its potential for the Eugene
School District.

The first recommendation addresses itself to the issue raised
by many professional educators, namely, that tne Teaching Assistant
program is a major potential threat to teachers because approximately
three Teaching Assistants can be employed for one average teaching
salary. The recommendation has the following four components:

1) We propose that the district board and administration

consider a major change in the budget allotments for

the staffing of schools. It is suggested that an allot-
ment be established, as is presently the case, for the
provision of a necessary number of professional and
clerical staff.

2) A basic change we propose is that the district in
addition establish a flexible allotment for staffing
each school. There would be no restrictions on the use
of this allotment for either professional or non-
certified staff. However, each school staff would be
required to show evidence to the administration of having
evaluated its needs for staff, to indicate to the admin-.
istration the intended utilization of personnel acquired

Q from the flexible allotment, and to provide a plan of

12
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action for evaluating the results of that staff performance.
The flexible allotment would allow each staff to decide
whether the needs of the program would best be met by the
use of TAs or of other specialists.

3) It is proposed that a school with a well-designed plan for
staffing and evaluation of its program at a designated time
could request the addition of Teaching Assistants from the
monies allotted for certificated or non-certificated staff.
It is suggested at this time, however, that a limit be set

~upon the amount of money that could be used from either allot-
ment.

4) Finally, it is suggested that the EEA TEPS committee, the
District Personnel Director, and the area directors work
jointly with the DS Coordinators and the TAs to develop
final guidelines for the previous three sections of this
recommendation. These guidelines would be completed by
June, 1972.

The second recommendation relates directly to the role of the
Teaching Assistant, and proposes the acceptance of the position in
the district's staffing pattern as an alternative way of providing
education for students. The recommendation is as follows:

We propose that the Teaching Assistant position be

accepted as a regular position in the‘staffing pattern

of the Eugene School District. Acceptance of this proposal
would not necessarily provide each school in the district
to have an equal number of TAs. It would mean that the
position is available for schools that determine that

Teaching Assistants could help them to improve the program

13
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in that school. We mean that the district will have a
set of guidelines for selecting Teaching Assistants, a
description of the actual roles that the TA can perform,
and a policy stating who is responsible for supervision
and evaluation of the TA. It is suggested that these
guidelines be developed by the same group formed in
recommendation number 1.

A final recommendation is that the five elementary schools
presently participating in the DS Project be provided monies to
continue the Teaching Assistant Program. This provision would
cover the transitional period until the studies are compieted
regarding the methods of budgeting in schools, the final rate of
pay, and the TA role description. It is proposed that an increase
in salary be granted to those TAs who have worked for one or two
years in the project's experimental phase. It is further recom-
mended that the monies needed for this recommendation be drawn

from the present budget allotment for the experimental phase of

the DS Project.

A FINAL REMARK

In summary, we strongly recommend that the Teaching Assistant
position be established in the district as another alternative way
to organize staffs for instruction. The data indicate very positive
ourcomes from the program to date. Recognizing the various concerns
and problems also indicated by the data, the DS Coordinators will

continue through the rest of this year to make the adjustments nec-

essary to overcome the concerns.

14
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We are convinced that the recommendations proposed in this
report are realistic for the district in terms of how the district
can finance such a program, how guidelines should be established
for further development of the Teaching Assistant role, and what

requirements must be placed upon school staffs that decide to utilize

the services of the TA.

15



AEEendix é
EUGENE PUBLIC SCHOOLS

Differentiated Staffing Project
May, 1970

PARAPROFESSTIONAL
ROLE ANALYSIS

Description

The paraprofessional shall provide instructional assistance to
the certified staff. The main responsibility will be to serve as

teaching technician, performing a number of teaching tasks with

students.

Specific Functions

1) Provide individual research help for students seeking assistance.
2) Serve as listener and helper to small reading groups.
3) Serve as a discussion leader for large or small groups.

4) Seek out information and materials for instruction by
self or other unit staff members.

5) Provide assistance to teachers in analyzing individual
student progress.

6) Assist teachers in the creation of learning packages or
programs.

7) Operate audio-visual aids for groups of students.

8) Salary and contract hours are presently being considered.

Personal Qualities Desired

1) Demonstrates positive attitude toward children.
2) Demonstrates awareness of educational goals and objectives.
3) Possesses ability to relate positively with other adults.

4) Demonstrates ability to follow instructions and carry out
necessary tasks.

5) Demonstrates desire to improve self skills and instructional
skills necessary to the position.

16




Appendix B

EUGENE PUBLTC SCHOOLS
Differentiated Staffing Project
Instructional Assistants Log - 1970-71

NAME DATE
DAY
SCHOOL LOGGED

A. Estimate the time in minutes spent on each task.
TASK NO. OF MINUTES

Mon | Tues | Wed | Thurs| Fri

1. Working with Total Class of Students

a. Discussion

b. Reading to class

c. Hearing pupils read

d. Operating audio-visual aids

e. Administrating assignments &
monitoring tests

2. Working with Small Student Groups
a. Discussion

b. Skill reinforcement - Conducting
drill exercises

c. Hearing pupils read

d. Assisting with student research

3. Working with Individual Students
a. Reinforcement of skills

b. Assisting with student research

c. Desk to desk individual help

d. Reading to a student

e. Hearing a student read

4. Working with Staff
a. Seeking out materials

b. Attending meetings

c. Assisting with Evaluation of
Students

17




Mon Tues Wed Thurg Fri

5. Clerical Duties

a. Reproducing test, worksheets,
transparencies

b. Constructing materials (bulletin
boards, games, etc.)

c. Correcting papers and tests

d. Housekeeping

e. Hearing a student read

6. Supervision Duties

a. Recess supervision

b. Noon duty

c. Halls supervision

d. Field trips

7. Working Alone

a. Planning

b. Research

B. List difficulties or problems encountered during the week. How were
they resolved?

C. List any tasks performed that do not fit the categories in section
A. How much time did the tasks take?

18




NAME SCHOOL

DATE

1) From whom do you receive most of your supervision?
2) With whom do you spend most of your time planning for what you do?

3) Discuss any general thoughts or feelings about the position of Teaching
Assistant (paraprofessional) that you might have at this time.

4) Are there any particular kinds of training programs that you think
would be beneficial at this time in assisting you in fulfilling your

responsibilities better?

19
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a static exponential function or a non—linear model derived
from communication theory developed_by flartin Stankard at

the University of Pennsylvania. The second follows the stu-
dents throu~h tae public schools and uses recursive relation-
snips to predict enroilment.

Prefaciny the first model, Sisson states three reasons
why operations research has not made a major contrlbutlon to
educaticn. ILack of money and a learning theory have hindered
model develovsent and this led educators to conduct experi-
ments which yielded inconclusive results, because of the
larze amount of noise in the experiments. If a comprehensive
learninz theory existed, tﬁen the noise variables could be
isolated and their effects experiementally or statistically
reduced so that the validity of the theoretical model could
be tested. '

For the static model, Sisson has developed two editions,
the earlier one based on communication theory_and the latter
one based on a power fundtion. Describing the first model 1is

the following equation:

~A/A,
{l-z (S) + K (1 - S)] (l-e °) + 1, (1 f_ P)} £5(P)

(9) 2=
= achievement(étandardized test scores),
S = staff per studegt’
M = material per student in dollars,
A = space per student in square feet,
C = community relations effort in dollars per student,
P = average level of parental education,

22
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Kl’ Ao ; constants
Ki
fy = logistic function; f.(X) = '
1 = R
1+ exp(Ki+l + Ki+2X7

The first term, £ (S) + Kl<1§§), relates .the staff
ratio to achievement. Suggested by the first term is an "S"

curve snaped similar to the learning curve developed by James

Brizht.
Diagram 1
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Staff/student

Fron the diagram one notes that the more staff per student,

the greater the achievement, up to a ratio of .8 or .9 where
diminishing return effects are noticed. Haterial expenditure
has a positive effect on achievement and also.an interaction
effect with the amount ¢f staff per studenf, €.8. @ high staff
ratio can offset some or all of the efchts'qf a low material
budget. Crowding of schools has a one sided negative effect.
If A is greater than A , then adequate space for learning is
available and added space makes little contribution to addi-
tional achievement. Parental effects have a strong influence

on the achievement output because in the model, parental
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average education modifies the entire equation and the commu-
nity effects.. Similar to the material term, the community
term is modified by the educational level in the community.

This model was one of the first attempts to relate the
achievenent ovutout to several inputs on a basis other than
regre;sion analysis. For such a model the deficiencies are’
serious but not unexpected. Undoubtedly the communication
process is much more complicated than illustrated by this
model. Several questions can be asked about the validity of
the inprut veriable as measures of their representative areas.
Ratner than critique this first edition, the author will
present the second edition-with comments, some of which will
apply to both editions of the model.

In the second edition of the resource achievement model,

the following eguation is used:
(10) ' D-ZAn(§+T )ﬂi(‘{"+s )Vi(¢+M )Ni
- 3 i7i i i i

where Ai,/(i, 'l/i, Ni',gjli‘, ¢ are constants
D = achievement measured by tests

ni = number of students in gradesi

T, = ratio of teachers to students in grade i
Si = space per student in grade i
M, = ‘dollars spent on material per student in

grade i
i = l, 2, seey N

and is subject to a constraint

2R3 (n;T;) + Oy (myS,) + Mym] < B

<4
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21

where Cli = salary of a teacher in grade i
C21 = expenditure per square foot in grade i
B = budget available

Proceedinz by the LaGrange multiplier method, the con-
strained optimization problem has 3N + 1 simultaneous egua-

tions and wvariavles. To maximize D, the following must be

G + 1) _ C s (T +5;) 1 (@ + 1)
iy Vi Ni

. N.
- [Ai~ (€ + Ti)”l(‘!’ +5,) (¢ + i, ) IJ
L™ ' |
Sisson solves the particular case where § = Y’=¢ =0

which yields:

T, =,/',1 M. S, = 24X __ U,
i Sidli i ; NiCZi i
A.N. . N
I vi SN _
===, s (1 =1, «.N)

Two examples are used tO'illustrate the model; the second

appears below.

N =2 Cll = 8500 C21 =3 /'l = ..9 7/1 = .60 -nl =
Cip = 88QO Cop = 3 /‘f2 = .85 7/2 = .57 n, =
A =4, =4 ) B = 617,366

500 = number of students entering grade 1

<o
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I. N.
st ==kiTi1 Si1 M0y = % of students promoted from grade i

x; =1 - ,81 = % of students not promoted from grade i
- - . 0‘ —4 ° —4 ‘ — .

Il <05 ml oL 1 004 .K 400 k1 85
= | = o = ) =

I2 .06 m2 .05 > .005 k2 .76

2y solving the necessary conditions for maximum achieve-

ment, the following solution is obtained.

M) o= 23.1 T, = .0333 : Sl = 63.3

1, = 35.0 _ _rz = .0403 S, =.88.3
Ry = 8577 n, = 513 D = 1006.3A
Ay = 7980 _ n, = 551

If B is increased by 15% to 709,971, then

My = 32.4 Tl = ,0384 S, = 7330

Mz = 41 .4 T2 = 0476 S2 = 104.5
A?l = 8696 = 506 D = 1275.5A

G

Lo = 8155 = 540
| Note that the increase in H;, Ty, S; is 15.3% and for
grade 2 the increase is 18.35 which results in a 26.8% increase
in achievement. |

Sisson explains that his models may not be valid but are
illistrations of the types of analysis and models that can be.
applied to education. Concerming the difference in programs,
Sisson notes that by using aggregate behavior, such differences.
are not as important and are, in fact, results of undetermined

characteristics of the programs. Additiomally, the diffi-

culty in estimating the parameters is mentioned.

ERIC 26
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Of the models reviewed in this paper, this model has
utilized the operations research approach more than any other.
The develbpmen; and discussion of the model are quite clear
and well illustrated. Sisson mentioned that the model will

be tested usinz data from the Philadelphia school system, but

‘did not describe how the constants in the model were obtained.

On= major deficiency in the analysis is that expenditure for
different kinds of materials,,staff, space is not allowed.

For example, instead of just using teachers in a school, what
if a mixture of teachers, paraprofessionals and guidance coun-
selors costing the same amount were used. Because parapro-

fessionals are much less expensive than teachers or guidance

counselors, the amount of staff per student would increase,

by ai, but the achievement level, Di’ may not correspond to
that level résulting from an increase in teachers of ai Since
raraproressionals may cause achievement to happen at a differ-
ent rate. This deficiency can be removed by adding another
staff term for each type of staff involved in.instruction.

Similarly, additional terms for-materials énq space can
be added., One very important question is how detailed should
the nodel be? Wwhen can staff types or'materials or space bem
aggregated? By testing the sensitivity of each input variable
to ‘total cost and then ranking each variable by its relative
effect, one can select an arbitrary effect level below which
variables can be aggregéted.. -

As mentioned previously, the selection of various vari-

ables as representative of their respective areas can be chal-

lenged. A more detailed description of how the particular

<7
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variables were chosen, supprorted by theory or observation from
other educational programs, would enhance the paper's quality.

In spite of the above comments, the work by Sisson is of much

~ better guzality than that being done by educational researchers

and is guite good for the preliminary stages of modeling the

educational process.

Sisson'’s second model utilizes a set of difference equa-
tions to predict student enrollmeﬁt. Only the most general
set of conditions will be discussed below. This non-linear
theoretical model was included because it predicts the flow

of students through a .school system based on the outcome of

the previous year.

Define:

& as the percentage of students not promoted to the next

grade; )

B as the percentage of students that are promoted to

the next grade.

If K is the number of students admitted each year to the
fi:rst grade and is a function of time, and &, /& are not con-
stants, then the grade enrollment ni are also a function of
time. Assume that K increases 1ineariiy, then

K(T) = K(T - 1) +77{constant)
which implies

= X K = 7
n,(8) = (1+ @)K - g

ni(t)

- n, - & - |
< so1(t - 1) +&n(t-1) +0,

where Oi is the measure of other factors.in.érade i.

28
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An example descriving how a school administrator could
use both models in conjunction to plan the teacher-student

ratio for the next three years is given.

Saveral comments can be made about the validity of this
model; however, one must remember that to build a model with-
‘cut a supporting theory is extremely difficult.

The assumnptions made avout student flow are subject to
guestion and not very general, buﬁ this is one of the few
models of an educational system where the present statvus is
used to predict future effects. Quite important are these
feedvack effects for they convert the static model to one
that utilizes somé past information.

Because a sinmulation model proposed by T. H. Jones ( 13)
incorporates several feedback loops; further comment on
Sisson's modél will be reserved'for later. Jones' paper
approaches the modeling of the public school system from a
governmental-community point of view, not just the local admin-
istrator!s view. To cover the additionai areas of government
and community action, a lesser amount of detail was included
in the model. See Figure 2 for the General System Flow.

From the hypothesized flow, Jones‘constructs a Dynamo
program including several feedback loops with delays to sinmu-~
late the public school system. One gross oversimplification
was that a production unit replaces all teachers, books,
busses, custodians, and other items. Estimation of réquire-
ments for space was based on 50 square feet pef student.
Several other parameters such as construction delay and plant

life were estimated from unknown origin.

29
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In addition to estimating the needs of the school system,
the model also precdicts tax rates, bond approval, and immi-
gration into the community. Unfortunately Jones?! model is
not easily revroducable because definitions for 59 variables
or constants ars necessary.

Bven with the numerous variables the validity of the model
is subject to question. This model's usefulness is not in
predicting the actual needs of a échool system, but is the
demonstration that the interaction and delay effects can be
modeled and, even on a gross level, yield some interesting
insights into the relationships. Criticism of the values of

the variables or the initial conditions are meglected here in

order to consider the more severe deficiencies in the model.

One major problem is that two different programs caanot
be compared using Jones' mcdel. There exists a s}im possibi-
lity that if the two programs could be transformed into common
units of production that a comparison could be made; however,
such units of production may not exist, let alone ve readily
computed. Hence optimum allocation of resources is not possible
with this model. Such a deficiency removes from consideration
one of the primary purposes of educatibnal modeling., By test- -
ing several sets of values for the parameters, some insight
can be gained as to the general effect of some of the variables;
nowever, many sets of data would be necessary. Because the
-odel has many feedback 1oops, the effects of certain changes
may not be easily discernable. HMethods of alleviating some
of these difficulties will be presented in the author'!s model

below. Several of the simplifying assumptions are unrealistic
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such as no school dropouts are permitted, the actions that the
government takes are immediate, and income level has no effect
on votins, housing values or pirth rates. This model was
unusual for two reasons: (1) It considered feedback effects
and tims delavs; (2) It examined the school system from a

total point of view not just a school administrator!s view.

3

he Tive parers revieweda are representative of the types
of work curreantly being done in educational cost effectiveness.,
Ur to this time, correlational studies have been the over-
whelning majority of reports. 3y presenting the othér tyﬁes

of models, the author has shown how these altermate models can
be used and their limitations. The criticism of the models
hopefully will lead to iaproved models and possible applica-
tion of technicues from other fields. As the above models -
indicate, cost effectiveness in education is in a very primi-
tive state when compared to cost effectiveness in military or
industrial applications. One possible source of ideas relating
to education cost effectivéness is the area of manpower tfain—
ing. The military and the poverty agencies conduct'many Pro-
grams some of which have been evaluated by the cost effect-
lveness approach. Private industry also trains peqple.' Sone
or all of these program evaluations may be avplicable to ele-
mentary and secondary education. ore effort ié necessary to

search for better ways of doing educational cost effectiveness.

3<
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A Resource-Achievement-Utility Model

The author proposes as further research in educational
cost effectiveness that a model derived from several models

discussed above be developed. For the purpose of optimally

allocatinz resources to yield the greatest utility, a pro-

cedure which combines cost incurrance, prediction of outcomes
and conversion of those outcomes into units of utiliby is
necessary. Interaction effects need to be considered. A
combination of Sisson's, Amor and Dyer's, and Jones' models
seens an appropriate starting point. Using Jones! general
model but implementing several more detailed sub-models or

modules to improve the accuracy of the proposed model, the new

‘model would be able to perforam two functions: (1) budgeting,

(2) cost effectiveness. Budgeting will not be discussed, but
it is a straight-forward application of the more detailed
model.

By developing the proposed model, three things can be
accomplished. PFirst resource allocation between programs can
be improved to yield greater utility. Second, allocation of
resources within a program also can be improved. Lastly,
some rudimentary relationships between specific inputs or pro-
grams can be related to total utility. This can aid in thg
design of new prégramS»or into the a}location of reéources.

Following are flow- charts of the author's model. Start-
ing with the student flow model proposed by Sisson, without
the restriction that the entering population has a linear

increase in size, computations for each time period are
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completed. The particular time period chosen is the ;ength
of one quarter, semester, or school year, depending on the
purpose of the model. Because the model is a simulation-
type model, the restrictions made on various parts of the
model to facilitate finding an analytical solution are relaxed.
OCne interesting possibility is that if the relationships
in the +t:del are deterministic or can be described adequately
by a deterninistic relationship, the model becomes a recursive
set of functions. This eliminates some of the difficulties
asseociated with a simelation model, such as how many times
should the simulation be done to insure accurate results.
Tc present the model some definitions are necessary:
Progran - & particular activity in the school
system such as reading, arithmetic, etc.
Facility - an object that depreciates because of
time and nét usage and has a lifetime

greater than one year.

Supply - - an object with a lifetime of less than
one year.
Staff - persons that are directly involved in

the performance of a program.

Direct - type of item or idea relating to a type
of instruction.

Indirect - type of item or idea relating to support

of instruction, but is not actual instruc-

tion.
Usage related lifetime depends only on the number cf
object - times object is used.

34
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Achievement re~ an object that is related only to the

lated object ~ amcunt of achievement
Structure of the Model

Only a conceptual model will be presented because of

the lack of reliable information describing the relationship

of the resources and other variables. Some specific equations
will be suggested for parts of thé model. One major adveatage
of this model is its modularity; that is, several of ;he com-.
ponents can be reproduced as necessary.

The calculations start with the Student Flow modules.

For each sub-population, a student flow module is constructed.

‘The number of entering students is recorded. If failure rates

and dropout rates are independent of the programs used, the
rest of the Student Flow module calculations are done. Other-
wise the next step is a decision module. One example of the

equations for student flow not dependent on the program used

is
Sy = (& 1085 *+ By

S. is the number of students in the ith time period,

i
& _; is the proportion of student from the i-1 time

period continuing in the population,

Ei is the number of student entering the populaﬁion at
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time i,

85 is the graduation rate at time 1i,

di is the dropout rate at time 1i,
Gi is the number of graduating students in period 1i,
D, is the number of dropouts in period 1i.

If the equations for student flow depend on the programs
selected then the equations might be similar to those of
Sisson's Student Flow model. |

Choosing a decision procedure for the allocation of
resources depends on the nature c¢f the equations in the model

‘and the constraints. If the edudtiohs and constraints are
convex differentiable, then the optimal allocation of resources
can be found by setting the marginal utility per dollar of
each program equal to that of the other programs. Another
approach is to transform the system of equations into another
system of equations that can be solved by integer programming
or some non-linear technique. Additinnally, an iterative:
numerical technique could be used to determine which programs
to include. Further comments on this vexing problem will be

- made during the discussion of the sensitivity analysis. .

After determining the programs to be funded, each student
sub-population generates a need for resources such as staff
time, facilities, and supplies. Need is based not only on the
student sub-population and programs, but also on a scheduling
pattern. For example if the maximum number of students in a
classroom was X then the classroom must be large enough to

accomodate X students simultaneously regardless of the total
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number of students that use the classroom during the day.
These needs for resources will vary so widely among programs
that no specific equation representing the resource needs
can be presented. A general form could be )

= £
Aik 3 fi(Sj,s)

where A,, is the amount of resource k needéd for

- program i,

Sj is the number of students in sub—population-j,

s is a schedﬁling factor,

f.L is a function that converts the number of students

into a resource requirement.

After the direct program needs have been determined, the
indirect needs are determined. These needs are based on the
number of students in each sub-population and on the particu-
lar programs considered.

From indirect and direct needs, the totél need for resour-
ces is computed. This total need is modified by a schedule-
usage pattern to yield total adjusted needs. Fof example,

if a reading program generates a need for one classroom hour

-and an English program generates a need for five classroom

hours, then one classroom used six hours could fill this need.
. A possibly non-linear relationship converts the need for
resources into dollar costs. If this model is used for budget-

ing purposes, one preliminary step is necessary--total avail-

able résources is subtracted from total resource need to yield

net resource needs for the current time period.. One example

of the costing procedure is the COST-ED model (10 ) which has

41



33

a detailed linear costing procedure. The COST-ED model was
designed to determine costs by program and to show the impor-
tance of specific variables to total cost. An integral part
of the costing procedure is the use of proration techniques.
Few of the resources ih a school system are used to support
just one program. The proportion of‘césts attributed to a
program by the proration techniques is then very important.
One difficult question is how to prorate fixed costs. The
approach favored by the author is to determine a cost per
student hour and charge fixed costs to a program baséd on the -
number of student hours in that program. Other methods besides
time can be used as cost pforation techniques. Some items,
such as slides, depreciate based on usage and not time. In

- that case a usage related proration technigque would be better.
Additionally, some expenditures could be based on the amount
of achievement attained. Proration by units of achievement
would be appropriate. The total cost of a program is determlned
by summing all the prorated costs. |

Next the effectiveness is computed. No generally accep-

table equation exists. Sisson's first model provides one

such equation. The author pProposes the foliowing equation:'

z ayny TM &y + 530 (5 8y, K

llk

- V.
k
;P(Y’i + P, )( )(Eik) t

N.
(P )( )(r.. ) ik fr(c,P,I,R)
K 1k
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where A, gik,/fik, ‘}‘ik, Vi ¢ik’ _Nik are constants,

O is output measured by some device,

n, is the number of students in progran i,

Sik is the ratio of staff type k to students in
program i,

tk is the time a particular resource k is used in

program 1,

T. is the total time in progran i,

i

Bik is the effectiveness multiplier of the kth

resource‘iﬁ brogram i; .
Fik is the amount of facility k per student in
program i,
Hik is the amounﬁ of materials and supplies of type
k ver student in program i,
f{(c,P,I,R) is a function of community and_parents;
inmnate student characteristics and rewards.
Of course this equation can be reporduced for each output.
If student sub-populations have different values for the
variables in the above equations, ﬁhe right hand side can be
modified by substituting two subscripts, i and j, for the sub-
script i. The subject j would denote which sub-populations
was involved. Summation of the right hand side would be over
subscripts i and j. ' |
Because the output of each sub-population can be deter-

mined, a method of asSigning utility, such as Amor and Dyer's

modél, can be used. Total utility can be determined by summning
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the individual output utilities,

The communityﬂin which the author includes governmen.tD
acts on the parents and students directly. Additionally,
the community acts directly and through influsnces on parents
on both direct and indirect programs. Lastly, the parents
affect the community, student flow and achievement modules.

A set of eguations based on the outputs of this time
period is solved to determiné the effects on the parents and
comnunity n time periods later where n is the information
delay time. Also there will be another feedback efféct,
which depends on the outputs, on the effectiveness equations.
An example of this type of.equation is a reward or incéntive
bonus based on production. One possible reasonAwhy minority
groups 4o not do as weil in school as white Americans is that
the reward to minority students who have increased education
is small. This would be similar to having a production line
with~small or no incentives to increase production.

A summarization module, the, computes cost per unit of
achievement for each outcome and cost per unit of utility.
This cycle 1is repeated for each time period and cumulative
results are determined. |

One interesting analysis which should be done is the

.senéitivity of the cost per unit achievement and cost per
unit of utility to each wariable. By ranking these variables?
the most important contribubtors can be identified. This id=2n-~
tification indicates which variables should have highest
priority in future research. Once the variables that have the

most effect are understood, then the variables contributing
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lesser amounts can be analyzed.

Using this method focuses attention on those variables
that are the most important. After each revision in the model
another sensitivity analysis can be done indicating a new set
of impoftant variables. Furthermore, those variables that are
'1east important can be aggregated without much loss in analy-
tical power of the model.

The sensitivity analysis can‘also be used tc determine
solutions with greater total utility. If the optimal solution
to the non-linear equétions of the model cannot be found and
an initial solution is known, the sensitivity analysis éan
suggest which programs can be removed and which should.be
.added to the initial solution. Using the criterion of great-
est marginal utility per dollar may-yield a better solution,
but not necessarily the optimal one. As with the other methods
of solving non-linear equations, the specific equations will

determine which approach is best.
Conclusion

This model was constructed to stimulate interest in this
field and hopefully'yield some insight‘into areas that need
more work. Determination of the parameters and their values
is one obvious step that must be done. Until this time, the
cost effectiveness mode;s’exémined only a small part}of the
tbtal picture of the effects of the school systen. Eiementary
though this model may be, the author hopes that it will pro-
duce some insight or stimulate thinking in the area of educa-

tional cost effectiveness.
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This author has reviewed five papers on education cost
effectiveness that represent the different methods currently
being used. As indicatéd, several areas besides public edu-
cation may have technigues that can be applied to educational
cost effectiveness. Suggestions were made on how to improve
each of the models represented. Obviocusly this is a starting
point for further resezarch.

As one possible improvement ithe author presented a general
mpdel that considers the relatiionship of specific inpups to
the overall educational system. Of special importance was
the acknowledgement of feedback effects with time delay. Cer-
tainly the détermination of the delay times and effect should
be investizated. Lastly, the author presented the sensitivity
analysis as a method of determining the priority of investiga-
ting variables.

Using this model and the expected improvements, the author
hopes that educators will conduct experiements to determine

the validity of this approach with the possibility of deter-

mining the parameters and relationships between the variables.

. cwmene e
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FOOTNOTES

1 See Lyle (20), p. 143.

See "i Survey of School Effectiveness Studies" by

N

James Guthrie in Do Teachers Make a Difference?, p. 35.

See Levin (13), p. 57.
Ibid, Pp. 57-58
Ibid, p. 63.

o N F W

See Sisson (27), p. 113.
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